abstract. residential real estate assumes crucial importance in a country's socioeconomic development. It is an important field of study, and much work has gone into better understanding the sector and the factors determining sales within it, such as time-on-the-market (TOM). TOM can be influenced by a variety of elements; a fact that in effect raises a lot of issues, because these determinants are often interpreted in an ambiguous or unstructured way. This study aims to bring greater accuracy and structure to our understanding of these factors, by showing that the integrated use of cognitive mapping with the Analytic Hierarchy Process (AHP) can give rise to a conceptually coherent and empirically valid framework to calculate TOM indices in the residential real estate market. Because it takes into account both tangible and intangible characteristics of a house, this measurement framework also boosts strategic planning support and allows for more informed business planning, which we believe can be a real contribution to the development of the real estate market. The practical implications and limitations of this evaluation system are also discussed.
introduction
Housing can be a key element in the economic and social development of a region or country. changes in the housing market produce significant impacts on other sectors of economic activity and, consequently, on the well-being of populations (cf. Rybak, Shapoval 2011; Warren 2011) . However, the real estate market is itself also affected by these very same markets and areas which it influences. As such, it is exposed to outbreaks of destabilization. In Portugal, for instance, the recent economic downturn and resulting instability have led to sweeping levels of pessimism, reflected in a negative trend and significant declines in the levels of intent and/or effectiveness in the construction and purchase of housing.
Several studies, employing different methods and techniques, have been developed to try to understand the influence of a property's time-onthe-market (TOM) on the real estate sector. Still, such studies have generally been met with the challenges of accessing information in the housing market, the heterogeneity of the market itself, and the complexity and confidentiality of its transactions. Furthermore, there are methodological limitations common to most of these applications, such as the manner in which criteria are selected, or the methods used for calculating the weights between them (cf. Kardaras, Mentzas 1997; Ferreira et al. 2012; Ferreira 2013) , which have limited existing research in the field.
this article aims to overcome some of these limitations, by defining and building TOM indices for the real estate market, following a multiple criteria approach to decision making, which ensures the principles of simplicity and transparency in the evaluation, definition and prediction of toM. In particular, we will integrate cognitive mapping techniques with the Analytical Hierarchy Process (AHP) method developed by Saaty (1980) , aiming to show that the integrated use of these two methods can give rise to a conceptually coherent and empirically valid framework to forecast toM.
Cognitive maps are increasingly recognized as important tools for structuring complex problems, allowing the rate of omitted criteria to be reduced and promoting an underlying exchange of ideas (cf. Belton, Hodgkin 1999; Tegarden, Sheetz 2003; Eden, Ackermann 2004) . At the same time, the AHP, understood as a technique for multiple criteria decision analysis (MCDA) based on mathematical algorithms and cognitive psychology (cf. chauhan et al. 2008) , helps decision makers overcome certain cognitive limitations, thus supporting them in making complex decisions (cf. Forman, gass 2001) . the prediction of toM through this integrated approach can ultimately have a strategic planning purpose, assisting households, buyers, home sellers, investors and financial institutions that manage the underwriting risk related to housing finance and/or that deal with portfolio management.
the remained of this paper is structured as follows. The next section presents a general framework of the real estate sector, highlighting the limitations of the main evaluation models hitherto used. The following section presents the methodological framework of the system developed, and clarifies the relevance of the combined use of cognitive maps with the AHP technique to overcome some of the previously identified limitations. The ensuing section explains the design of the system developed. The final section concludes the article.
measuring tom: Fundamentals and methodologies
the real estate sector can be broadly divided into two large categories: commercial and residential (cf. Hill 2011) . It is a legally regulated activity, with two key areas of action: (1) the prospecting and gathering of information; and (2) the promotion of real estate. Known as a highly dynamic and heterogeneous market (cf. Catalão 2010), characterized by a lack of transparency in its transactions, it is an important element of any country's economy, as an indicator of its performance (cf. Ebru, Eban 2009; Rybak, Shapoval 2011; Warren 2011; ferreira et al. 2014a) . In fact, since it is intrinsically associated with the functioning of the labor, financial, goods and services markets, any change in the housing market impacts those underlying markets as well. The downside, as Catalão (2010) points out, is that these relationships are mutual, which can lead to outbreaks of destabilization. Portugal at present provides a very good example of this, with the adverse economic context and the housing market mutually influencing each other to produce a negative evolutionary trend (cf. Catalão 2010; CGD 2011; PEH 2008 PEH /2013 ). This trend is reflected in high levels of pessimism regarding the financial situation and unemployment, which then feeds into lower levels of intention to buy and/or build housing. Thus, knowledge of the real estate market and the ability to formulate forecasts and intervention strategies within it emerge as issues of great utility, but are highly challenging due to the difficulty of accessing information on the housing market, a result of the complexity and confidentiality of its transactions (cf. Baryla, Zumpano 1995) .
In practical terms, according to Cheng et al. (2008) and Springer and Worzala (2012) , TOM is influenced by many factors that the seller does not completely control. Accordingly, a number of studies have been developed to understand the empirical relationship between the time variable and other characteristics or indicators of influence in the commercialization of a property, such as: house characteristics (e.g. forgey et al. 1996); atypicality (e.g. Haurin 1988); location (e.g. taylor 1999) ; state/quality (e.g. Chen, Rutherford 2012); and price (e.g. anglin et al. 2003; cheng et al. 2008; Hui, Yu 2012) . It is not surprising, therefore, that different approaches and techniques for estimating market value and TOM (e.g. hedonic modeling and other mass appraisal techniques; non-parametric or semi-parametric regressions; spatial models that capture correlations within submarkets allowing for temporal asymmetry) have been suggested over the years (cf. leung et al. 2002; Bourassa et al. 2003; cheng et al. 2008; Peterson, Flanagan 2009; Carrillo, Pope 2012) .
Despite the variety and dynamism revealed by these studies, it is worth noting that, like all research, they are not without their limitations. In particular, as Bin (2004) notes, they generally fail to provide insight into the relationships between the factors that influence residential real estate transactions and TOM, for instance: individual factors; seller's search cost and strategy; and mar-ket condition and maturity. Indeed, there is a considerable number of limitations that are common to most applications, and can be grouped into two major categories: (1) the way the evaluation criteria are selected and/or incorporated into the evaluation mechanisms; and (2) the way the weights between the evaluation criteria are calculated. In fact, it has been noted that not even the most promising models are exempt from such limitations, such that it would be of interest to promote the search for alternative methodologies (Wang et al. 2011) . Following this, and because "caution [...] should be exercised [...] . Appropriate variables must be selected carefully and measured accurately" (Bourassa et al. 2010: 139) , the development of a system that can support the construction of toM indices in the residential property market, while overcoming these general methodological limitations, is a very relevant aim.
Indeed, the complexity of real estate decision processes, their inherent subjectivity and the multiple stakeholders with differing points of view involved, require a methodology that is both comprehensive and flexible enough to deal with such issues. An MCDA approach adopts a constructivist stance that is particularly suited to such decision problems, because it acknowledges and incorporates the underlying subjectivity, allowing a better structuring of the decision making process (Eden, Ackermann 2004; Saaty 2008) . the combined use of cognitive mapping with AHP, in particular, as proposed and applied in the current study, presents important advantages in terms of the identification of determinant criteria and the calculation of the trade-offs between them, creating a framework which can complement and add to existing research. The next section describes our methodological approach in greater detail.
brieF methodological background
This article adopts a constructive approach, based on methodologies that follow the fundamentals of the MCDA approach (for details, see Belton, Stewart 2002) , namely the integrated use of cognitive mapping techniques with the AHP developed by Saaty (1980) . these techniques provide tools that facilitate the process of decision making and help "find the way in which the decision process must be handled" (Mateu 2002: 10) . In fact, according to Belton and Stewart (2002: 2) , "one of the principal aims of MCDA approaches is to help decision makers organise and synthesize such information in a way which leads them to feel comfortable and confident about making a decision, minimizing the potential for post-decision regret, by being satisfied that all criteria or factors have properly been taken into account". In this logic, the AHP is presented as a possible option, within the universe of the multiple criteria approaches for this purpose. In fact, according to Forman and Gass (2001: 469) , "the Analytic Hierarchy Process (AHP) is a methodology for structuring, measurement, and synthesis [of the three stages of decision making]" (see also Ong, Chew 1996; Bana e Costa et al. 1999; Belton, Stewart 2002; Ferreira et al. 2011) .
Multiple criteria methodologies allow for the development of a structure accepted by all the participants, which in turn permits the homogenization of their knowledge about the problem under consideration and the creation of a "shared structure", agreed on by all as a result of discussion. In practice, through the association and organization of the decision-makers' preferences, a model of partial evaluation for each criterion can be constructed, and preferences then aggregated (cf. Bana e Costa et al. 1997) . In fact, based on the exchange of value judgments among decision makers, these methods allow the development of key activities to obtain global results in the process of decision making. This results in: (1) a model of local preferences -partial evaluation of actions; (2) the determination of replacement rates (constant scale weights or trade-offs) among criteria; and (3) the determination of the impact of actions according to each criterion.
cognitive maps
The Strategic Options Development and Analysis (SODA) stemmed from the need to support decision-makers (and facilitators) in structuring complex decision problems (cf. Ackermann, Eden 2010) . In practice, by using cognitive mapping, it promotes dialogue among the stakeholders in a decision process and allows them to represent, structure and reorganize the fundamental ideas and concepts of the problem under analysis in real time. That is, "the SODA technology provides a 'facilitative device' (in the form, for example, of formal 'maps' of peoples' thinking) which supports and better enables the negotiation of a collective vision" (Bryant 1997: 157) . Belton and Stewart (2002: 48) reinforce this idea, stating that "a cognitive map aims to represent the problem/issue as a decision maker (participant) perceives it, in the form of a means-ends network-like structure".
In this line of reasoning, cognitive maps arise as tools to structure complex problems, whose main advantages are to allow a reduction in the rate of omitted criteria and promote learning, as a result of the exchange of ideas underlying the analysis of the relationships between criteria (cf. Belton, Hodgkin 1999; Tegarden, Sheetz 2003; Eden, Ackermann 2004) . according to ferreira et al. (2012) , the SODA method is characterized by: (1) the ability to deal with qualitative factors; (2) the ability to structure difficult situations; (3) the provision of support for group work; and (4) being of great use in the development and implementation of strategic directions.
Because they are strongly related to the conviction of constructivism, cognitive maps are arguably very advantageous tools in structuring complex problems, while at the same time constituting an enriching experience for the decision makers involved, as it leads them to reconsider and/or reassess their points of view, altering and enhancing their perceptions of the problem (cf. Shaw 2004) . In practice, the results translate into a strategic map, which because it results from the discussion among group members, belongs to all.
basics of the ahp technique
The AHP is a multiple criteria decision analysis technique based on mathematical algorithms and cognitive psychology. It was developed in the 1970's by Saaty (cf. Saaty 1980) , to help decision makers overcome their cognitive limitations and support them in making complex decisions (cf. Forman, Gass 2001). Characterized by its simplicity and ease of use (cf. Steuer, Na 2003; Pastor-Ferrando et al. 2010) , strong mathematical support, and ability to analyze elements of both quantitative and qualitative, tangible or intangible nature, "the power and simplicity of the AHP has led to its widespread use throughout the world" (Forman, Gass 2001: 470) to systematize/solve a wide variety of decision problems in various contexts (cf. Ball, Srinivasan 1994; Schniederjans et al. 1995; forman, Gass 2001; Shiau et al. 2002; Alonso, Lamata 2006; Pastor-ferrando et al. 2010) .
In practice, the AHP is based on an organized structure of pairwise comparisons of criteria or alternatives, thus allowing for analysis, quantification and/or assessments of elements which are not typically considered in traditional measurement scales; for example, those of a more qualitative or subjective nature. Indeed, the application of AHP depends on the stages of decision making, and is based on information provided by the stakeholders themselves (cf. Davies 1994; Saaty 1994; Bender et al. 2000; Forman, Gass 2001; Belton, Stewart 2002; Shiau et al. 2002; Perez-Gladish, M´Zali 2010; nandi et al. 2011; Saaty, Chang 2011) .
Briefly, the process is divided into "[…] three broad steps: the description of a complex decision problem as a hierarchy, the prioritization procedure and the calculation of results" (chauhan et al. 2008: 610) . In the structuring phase, the problem is aligned with the data provided by the stakeholders, and decomposed into a hierarchical structure that allows the relationships between goal/s, criteria, sub-criteria and alternatives involved in the decision process to be projected. In the evaluation phase, the data from the decision makers' earlier answers are consolidated, and pairwise comparisons of elements are carried out to create a set of preference arrays and/or impact levels, measuring both their relative and overall amounts (cf. Xu, Zhang 2009). These comparisons are based on a scale for the measurement of judgment trials which varies between 1 and 9, where "1" reflects a criterion's lack of importance in relation to others and "9" reflects extreme importance (cf. Davies 1994; Alonso, Lamata 2006). Table 1 shows the meaning of the scale.
As pointed out by Dyer and Forman (1992) , semantic judgments are a natural and simple way to project values, and pairwise comparisons are easy to make, discuss, justify and agree on. Saaty's fundamental scale then allows such semantic values and judgments to be converted into numbers. In this sense, the negotiation process established in an AHP-based framework, the respective pairwise comparisons and the filling in of value matrices are based on the semantic categories presented in Table 1 . The next section will describe how the integrated use of cognitive maps with the AHP approach allowed the construction (and calculation) of toM indices in the residential real estate market in Portugal.
application deVelopment
As noted before, although empirical studies have previously been carried out to try to understand the relationship between a property's TOM and a series of influencing factors, we know of no previous studies attempting to do so through integrated use of cognitive mapping and AHP, which creates a flexible framework that can be continuously built upon to increase accuracy as new data emerges or is introduced into it.
Following the methodological guidelines of Eden and Ackermann (2001: 22) , who state that "the consultant [i.e. researcher] will relate personally to a small number (say, three to ten persons)", our study had the collaboration of five residential real estate experts (i.e. professional appraisers and realtors). These decision makers have been developing their professional activity over the past two to three decades in the Central-West region of Portugal. It should be highlighted, however, that the process-oriented approach followed in this study allows our framework to be seen as a learning mechanism and not as an end in itself or a tool to prescribe optimal solutions. This means that, with the necessary adjustments, the process can work well with a different group of decision makers. Two facilitators (i.e. researchers), responsible for conducting the negotiation process and recording the results, also participated in the group sessions -three intensive group meetings with an average duration of 4 hours.
the application of these techniques to the decision process was organized, as recommended by the literature, into the three main stages of decision support (cf. Bana e Costa et al. 1999; Belton, Stewart 2002; Ferreira et al. 2011): (1) the structuring phase, which was concerned with identifying indicators and key determinants of the speed of real estate sales by means of applying cognitive maps; (2) the evaluation phase, which focused on the application of the AHP approach to define the relative and global importance of each indicator or determinant; and (3) the recommendations phase, which explored the integrated use of cognitive maps and AHP, as a means of adding value to existing practices.
the structuring phase
In order to promote the decision makers' interest in TOM issues, the structuring phase began with the following trigger question: "Based on your own values and professional experience, what are the factors and/or characteristics of a house that most influence time-on-the-market?" although the trigger question was quite broad, given the array of different residential properties available, the study (and model development) was guided toward the sale of apartments in particular, given the prevalence of this type of property in the context in question.
We then applied the "post-its technique", which involves writing on stickers (i.e. post-its), the criteria that, in the view of the decisionmakers, are relevant to the issue under study. In practice, the rules were simple: one criterion per post-it note, which must be marked with a minus Extreme importance the evidence favoring one activity over another is of the highest possible order of affirmation.
1.1-1.9 If the activities are very close May be difficult to assign the best value but when compared with other contrasting activities the size of the small numbers would not be too noticeable, yet they can still indicate the relative importance of the activities.
reciprocals of above
If activity i has one of the above non-zero numbers assigned to it when compared with activity j, then j has the reciprocal value when compared with i a reasonable assumption.
Source: Saaty (2008: 257, adap.) .
fig. 1. congregated cognitive map (or strategic map)
sign (-) in the upper right corner when the causeand-effect relationship is negative (cf. ferreira et al. 2011) . Once the number of criteria identified seemed to have reached its natural ceiling, the decision makers were asked to define and organize them by areas of concern or clusters, which resulted in the creation of seven clusters. Finally, the decision makers were asked to focus within each cluster, and to try, by means of discussion, to identify the relationships of causality between the criteria. In this way, hierarchies were defined between the criteria in each area of concern. Once the post-its technique had been applied, the Decision Explorer software (http://www.banxia.com) was used to develop a cognitive map of what had been discussed. This was then presented to the group to support further discussion regarding the structuring of the problem ( fig. 1 ).
Due to the process orientation of our study, figure 1 represents the understanding of this particular group of decision makers, resulting from the negotiation process established among them. As such, the criteria and respective relationships were validated by the group after discussion and, therefore, the framework proposed should be seen as both the product of, and a tool for, a posture of learning. It is not a "final result", as such, nor a means for presenting optimal solutions. although this can be seen as a limitation, it is more than compensated by the direct involvement of the experts, the amount of information discussed and by the iterative nature of the process, which allows ideas and thoughts to be shared and cause-andeffect relationships to be explored.
Given the decision-makers' arguments, and following the methodological guidelines of Keeney (1996) , areas of interest were identified which supported the choice of criteria (ctrs). this resulted in the decision tree shown in Figure 2 .
Following the groups' interpretation of the tree, ctr 1 -Internal Characteristics of the House -concerns the internal physical characteristics of the house, namely piping condition, interior finishes and lighting. ctr 2 -Exterior Characteristics of the House -addresses issues regarding the exterior physical characteristics of the house (e.g. exterior amenities, layout). CTR 3 -Characteristics of the Building -highlights the physical characteristics of the building, such as state of conservation and plant. ctr 4 -Exterior [Surroundings] -addresses issues related to the location of the house and its surrounding environment (e.g. neighborhood safety and reputation, proximity to economic agents, accessibilities). ctr 5 -Stigmas -stands for social stigmas (e.g. proximity to cemeteries, proximity to meth labs or known drug areas, haunting and ghosts and past deaths in the house). ctr 6 -Economic Factors -underlines the importance of economic factors (e.g. taxes, financing conditions, housing supply). Finally, CTR 7 -Other Commercial Factors -addresses commercial issues, such as advertising, motivation and credibility of the real estate agent.
In the second group work session, the decision makers focused their attention on the map and the tree of criteria, which had been developed based on the exercises and discussion of the first session. The aim was to carefully define, for each CTR, a descriptor and its respective impact levels (cf. ferreira et al. 2014b). In practical terms, the decision makers identified, for each cluster, the five or six criteria that, in their perspective, were the most relevant. Then, using an adaptation of Fiedler's scale (1965; 1967) , they proceeded to define levels of partial performance, as well as to identify the reference levels used in each descriptor. given that the descriptors could be qualitative, quantitative or mixed (cf. Ferreira et al. 2011) , this approach proved easily manageable. For example, Figure 3 shows the descriptor of CTR 1 -Internal Characteristics of the House (ICH).
As illustrated in the figure, CTR 1 was operationalized by an index ICH, which brought together the five most important internal features of the house, from the decision makers' point of view. These were the condition of the pipes, the quality of the interior finishing, lighting, the state of internal conservation and the (lack of) humidity.
Impact level l 1 represents the best possible performance, comprising an estate where the index (i.e. the sum of values assigned to each sub-criterion) belongs to the range of the maximum practicable values. In contrast, impact level L 5 represents a clearly negative performance, indicating an estate classified by the minimum range of values. This procedure was repeated for the remaining six fig. 2 . tree of criteria ctrs. once the descriptors for all the ctrs had been obtained, it was possible to proceed to the evaluation phase.
the evaluation phase
The evaluation phase took place in the last group session. In the first part of this session, based on the AHP methodology and the fundamental scale of Saaty (cf. Table 1), we proceeded to fill an array of value judgments for each of the defined descriptors. From these matrices, we obtained the scales of local preference. In practice, we asked the decision makers to jointly express their value judgments concerning pairwise comparisons between the levels defined for each descriptor.
The application of AHP in this context was supported by the use of the Super Decisions software (http://www.superdecisions.com/), which resulted, in the case of CTR 1 , in a partial score for l 1 of 43.097% at the highest level, and a weight of 2.599% for the lowest level (i.e. l 5 ). levels considered by decision makers as Good and Neutral obtained weights of 32.849% and 16.950%, respectively. It was also possible in this stage to determine slight variations with regard to differences between the first level and the Good level. the software furthermore allowed for minor adjustments to be made in cases where there were inconsistencies. Figure 4 illustrates the procedure followed in completing the array of judgments for ctr 1 , as well as the numerical scale obtained. This scale was presented to the decision makers for validation and had an index mismatch of less than 0.10 (the consistency index allows the coherence of the matrix to be verified and its value is acceptable when it is lower than 0.10 (cf. Davies 1994; Saaty 1994; Xu, Zhang 2009; Perez-Gladish, M'Zali 2010) ).
In order to obtain the trade-offs (also known as weights or replacement rates) between the seven CTRs, the decision makers were then asked to focus their attention on the ctrs and to proceed with their ordering based on their overall preferences. In practice, decision makers were asked to attribute the value "1" whenever a CTR was generally preferable to another, and "0" otherwise (Table 2) . Additionally, it is worth noting that several mutual preferential independence tests were conducted to guarantee preferential independence among ctrs. this procedure is considered a prerequisite for the calculation of trade-offs (see Belton, Stewart 2012) .
Once the ranking of the CTRs had been approved, we proceeded to the construction of a ma- trix of peer-to-peer comparisons, in order to achieve the trade-offs. The decision makers were requested to express value judgments regarding the preferential difference between the CTRs, from which, by applying the AHP technique, the weights were obtained. figure 5 illustrates this judgments matrix, as well as the numerical scale obtained, which was presented to the decision makers for discussion and validation. The index of inconsistency was 0.05772 (i.e. below 0.10).
After discussion, the trade-offs obtained were approved by the decision makers, and there was a consensual assignment of the greatest weight (i.e. 39.254%) to ctr 6 ; and of the lowest weight We then proceeded to calculate overall scores for four "artificially designed" apartments (called Alphas). Table 3 shows the partial and global weights of each Alpha.
As Table 3 shows, the fictitious apartment alpha 1 (hereafter "great") obtains the highest scores on all the ctrs. alpha 2 (hereafter referred to as "Good"), includes the "good" levels of all the ctrs. alpha 3 is an apartment considered "Neutral", because it gathers the neutral levels of all the CTRs. Finally, Alpha 4 is an apartment with the worst performance on all the CTRs (hereafter "Terrible"). The decision makers were at this point invited to associate a selling time to each of the four Alphas, as a means of defining temporal anchors. It should be underlined that these estimated anchors were based on the perceptions projected by the decision makers after group negotiation and experience sharing. We are aware that this procedure is non-linear and inherently subjective, such that the estimated anchors are likely to be imprecise. However, it is worth noting that an important feature of the software used to support this process is that it allows for interactive explorations of changes in the inputs; such that the impact of a variation in any particular element on the model as a whole can immediately be seen. This offered an opportunity for further discussion, supporting the estimated anchors. Furthermore, the nature of the model is such that it is updated as new data is introduced, with the implication that after a certain amount of time, these anchors will be replaced with new ones based on actual/observed data. Table 4 shows the estimated time (in months) for the sale of each of the four fictitious apartments. In practice, considering the overall index and the anchor estimated (and later calculated) for each of the four Alfas, the use of linear interpolation makes it possible to estimate the TOM for any apartment. However, to validate the model and its practical application, sensitivity analyses were necessary to determine the consistency of results.
application of the (new) system and recommendations
To analyze the results and, above all, to assess the practical relevance of the process followed and the system built, the next step consisted of testing the "new" of TOM, by analyzing a set of alternatives/ apartments. The decision makers were asked for actual information and data on apartments currently for sale or recently sold, with regard to the previously defined CTRs. Table 5 shows the result of the processing of information relating to a sample of six apartments in these conditions (identified as Delta 1 to Delta 6).
The partial performances of each Delta were identified, and then by applying the additive aggregation model (1), the total value of each one was calculated. Table 6 illustrates the overall scores of the apartments in the sample, as well as their respective ranking. Having calculated the overall scores, and based on the anchoring references shown in Table 4 , the next step was to apply linear interpolation. Table  7 presents the evaluation exercise carried out with Delta 5. This Delta was chosen both because of its position and because it was an apartment which had already been sold, and therefore had a known TOM. This exercise also allowed for the calculation of the estimation error.
In practice, based on the references of anchoring and considering the overall score of Delta 5 (i.e. 0.410379), after applying the linear interpolation, we obtained an estimated TOM of 3.37 (i.e. three months + 11 days). This proved to be extremely close to the apartment's actual TOM, which was of three months. Thus, the estimation error was of only 11 days. After ordering the Alphas and Deltas by their overall performance scores, we proceeded to estimate the TOM for the remaining set of Deltas (table 8) .
As Table 8 shows, the accuracy and precision of the model tend to increase with the introduction of new Deltas, because both the intervals between TOMs and the estimated errors are in this way reduced, when applying the linear interpolation. Moreover, estimated anchors gradually stop being used, and the model works only with effective anchors (i.e. actual values). This phase was not only important for the consolidation of the results, but also resulted in a generalized feeling of satisfaction by the decision-makers, who recognized in the model an advance in the accuracy of estimating real estate sales and in the ability to formulate predictions to help guide business.
The final step consisted in carrying out sensitivity analyses in order to evaluate the implications of changes in the weights of each criterion. Figure 6 establishes the basis of this analysis with regard to ctr 6 (considered the most important).
By way of example, Table 9 illustrates the sensitivity analysis conducted to ctr 6 . It is worth noting that the values presented in the first column of Table 9 were generated by the Super Decisions software, and stand for possible oscillations in the weight of CTR 6 . the remaining columns present the Deltas' overall scores that resulted from those fluctuations. The sensitivity analysis carried out for ctr 6 shows the robustness of the model, because the weight of this criterion can vary over a significant range of oscillation without violating the position of the Deltas (indicated in each cell's sub-line). the same analysis was performed with similar results for all the ctrs.
It is worth noting that despite the decision makers' receptivity and satisfaction with the results obtained, and the versatility of the technical procedures used, it is important to bear in mind that this study adopted a constructivist and learning perspective, where the results came from discussions between the elements of a specific group of decision makers. In this sense, this work should be viewed as a tool for negotiation and learning, rather than one intended to dictate definitive solutions. Furthermore, given the idiosyncratic characteristics of the methods (i.e. the results depend on the context and actors involved), any generalizations or extrapolations should be made with caution, and sensitivity analyses are recommended whenever there are adaptations to the model. on the other hand, the combined use of cognitive maps with the AHP approach allowed for additional adjustments which increased the potential of the original proposition. cheng et al. (2010: 109) argue that "choosing the optimal holding period is an important part of real estate investment decisions, because "when to sell" affects "whether to buy"". Indeed, TOM predictions are important for a variety of stakeholders, ranging from households, buyers and home sellers, to investors and financial institutions. Taking the importance of the housing sector in socio-economic development as its starting point, this study aimed to contribute to a better understanding of the real estate market, by furthering our understanding of properties' TOM and the factors which can influence it.
conclusions
In their examination of behavioral influences on judgments of the relative weights of criteria, Weber and Borcherding (1993) argue that there is no one superior method, but rather the choice of method should depend on the decision context. Given the decision context under consideration in this study, its complexity and subjectivity in particular, the methods applied seem particularly suited, because group dynamics allow people to learn and to alter and enhance their perceptions, clarifying and improving understanding of decision situations.
Most extant research in this area has suffered from certain common methodological limitations, regarding the choice and weighting of determining criteria of TOM (cf. Kardaras, Mentzas 1997) . Thus, the option was for a methodology which, while having limitations of its own, had not previously applied to the field, and was able to overcome many of these previously encountered shortcomings. The use of cognitive maps allowed different individuals' opinions to be aggregated in a shared framework within which cause-and-effect relationships between variables could be detected and understood. And the use of AHP allowed the resulting criteria to be evaluated and weighted according to their perceived influence in the decision process.
While in our study this was specifically developed with a group of professional appraisers and realtors, the framework can be used and adapted to enhance understanding of how different market segments, buyers with differing preferences or sellers with distinct priorities operate. In this sense, our proposal is not a substitute for statistical approaches; however, its application by managers and decision makers can provide insights on the role of key feedback loops in the system, which might otherwise go undetected by statistical approaches alone.
With the active collaboration of five residential real estate experts (professional appraisers and realtors), who have been working in this field for two to three decades, we were able to integrate cognitive maps with MCDA methodologies, AHP in particular. This allowed us to construct a model that was not only robust, as shown by the sensitivity analyses, but also simple and transparent. Indeed, the use of cognitive mapping allowed ideas and thoughts to be shared and cause-and-effect relationships between criteria to be explored, allowing questions such as "why does this happen?" to be answered. When integrated with an MCDA framework like the AHP, which relies on pairwise comparisons, these characteristics can offer valuable contributions to existing frameworks, allowing the number of omitted variables to be decreased and the calculation of trade-offs to be facilitated, while adding simplicity and transparency to the decision process.
At the practical level, such models can be of great use to all those operating in the real estate market, be they agencies, brokers or real estate builders, or even individual buyers or sellers. Although as noted before, due precautions are required in generalizing the results of such exercises, it is important to note that much of their value resides in the processes themselves, and in the learning process associated with the application of techniques that, adopting a constructivist logic, reward the opportunity to reflect on the assessments and make suggestions for improvement. From a theoretical perspective, the application of MCDA systems, and the integration of cognitive maps with AHP in the real estate market in particular, are to the best of our knowledge a novel application of these methodologies, and as such provide an advance in their use and understanding.
In terms of future research, to compare the strengths and weaknesses of our framework to other methods, and to explore its integration within established frameworks (e.g. hedonic modeling and other mass appraisal techniques) is part of our longer term aim. Indeed, given that the application of MCDA techniques can help overcome some of the limitations identified in previous research, but also itself presents certain weaknesses, a comprehensive comparison of studies taking different epistemological stands and using distinct methodologies with regard to TOM, would appear to be of great use to all the stakeholders involved in the residential real estate sector. Indeed, such a project could help identify not only the relative pros and cons of different approaches, but also the points of complementarity between them, with a view to achieving a more comprehensive understanding of the issue. It would also be of interest to replicate the process in other countries; in addition to embedding a model risk in our framework, conducting similar studies using other MCDA methods, or carrying out comparative analyses. Finally, it would be of particular relevance, in terms of increasing the generalizability of the process and its strength, to replicate the process with different actors. Indeed, the framework is flexible enough to allow for such adaptations, and this could mean developing models akin to the one presented here, using not only real estate experts, but groups comprising both sellers and buyers for instance. This would not only greatly enrich the discussions and negotiation process, allowing a broadening of perspectives, but could also contribute to our understanding of the processes whereby buyers and sellers reach an agreement.
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